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watts 1 2 «««E««tflt*»f»aijnis*t4«*uj:o 



(2) 



1 1 -2 1 3 3 5 4 



1 

mum i o«tt«iia«iBa*fls*»€»siira$ii«a*K 
j:ora-fk* t R<E^ra6**#so«aii**L, weft 
2 watts wwe* i ©«tti o«a* * »> &«a 

2 ] i E«©»*«st«3b*s^ ? k k 
&v>-c, roan oai£*oBfl&ji:&mi2afte« 10 

ft* 6 910* ft 9. «TfS^ 
2 ©«tti ©«4tS A# ttWMMWMM 1 & Win $ it 
aiffo^MettUTH tanas: L t v» « 1 1 a t -t 

jnisix4a*o*ifliK«K 3 HT-c* *j s i&e* 2 watt 
« ommittfa i±m&MMMtit* & ep*n * *t * a#© 20 
^ftKttL-ciitJitSL-cjstK ate* 1 oatt« «a 

jnE»*#* <b WAD * *t*a*fc i o xmit#RMnm 
*^#s^>«a^**L, mrE^2 oai±e »aii&ESU 
oaitJio«a» j: ^/>$^**i4a#*^-t*c: t* 
#«fci-*aAJKSt«i*HK? k. 
iw*ai4] m«4k 2x«4 3B*©a*iis*Jt«i* 

it & as^Ktei- * t § toe* 1 ccatt^ oa-ft t n 2 
oisttn coa<k to4 -turn.**— nth krw k * * - 

* t -r * a«E*w&*&o 

t, iwrE*»lR©a*«iltjm£<B**«;tfc£ 1 i:i 
or, a*(Eflk*ttrcEllt& itfeE^a-ftose^^as 

t4;t*ifat tsg*s 4 E«*>ascE»W£:£ 
[W*a6] B4tE*&&£> tREa*iE&tt#*ig 

EtofflSttftft*!!^ » K**x, 1l!rEE««£«-5- 

wjsom * m x. tz t # iiirE&*iEft*# k E#a 2 n fcfg 

[*9J©#*l4ft9l] 
[0 0 0 1] 



2 

ff^ffla^v MfelTK, fOlftA 7 K*JBv»fca*C 
[0 0 0 2] 

[ft*<o&*f5] a«E»o?K*a^»c#v>, s^ffla^. 
» K#fflv»t,iiteii>xv»4 0 g*asygst£&***-r*t 

$riLT«i> Dieny <b ICt £ Physical Review B, *4 
3^, 1 2 9 7 ~ 1 3 0 0Ii:E«O TGiant 

Magneto-resistance in Soft Ferromagnetic Multilaye 
rsj ©idK, 2|oattl^SttlT»KU 

<oai4Ji k k& ai£Jf * & ©sa*-* * r * a* * epio-r 

*#§^7ii J #*$itTV^o tfc, Hoshino blzXZJa 
panese Journal of Applied Physics, *3 4^, *3 
-§\ 1526-153 3Ii:EtO TMagnetoresistanc 
e Effects in Ni-Fe-Co/Cu/Co-Pt TrilayersJ <7)Xo 

n&*fsa:*j 2Js<Dai*e4-^ai4e-c» 
«Lfc#«KKiJv»T<»E*a*»a:«i*ii«ai*nr 

[0 0 0 3] 

-*©attJi (attJiA) <o^t»i4^<, t^wstt 

fco L5^L, m&<0 Hoshinoiblci-£.$B'&(OJ: 1^ 

v»««**#i-*atiyiB»wepiD*it, *<Dfz#>, att 

8ttiAO«atttfi<t4t, ±5EOJ:9«:riita# 

<DEPiJDJi*fc < a^Bo«ai)iiig< *t>* 

iwomffjefto^iE**uffl u-cw^-i-*«j!CEflks*i» 

ffi«J'ftO«l»«*3J , lfc v» ^ <6 iz W£nz WMW± C £ 0 

[0 0 0 4] ^^»4, iOil ^KS^lwgi^T tc $ 
itfcfeOTN «a*<D^<7)/h$^2tt«wattS*filx. 

[0 0 0 5] 

[»«*»*+ 4 *:»o#si &mi><om 
*Sia/c*S*, **Ho«ajE^bo^iE**m-*-*o-c 

tt» oa-fbW fc-J-AflEdWfffc 4ofcii:»rJ:*a«; 

[0006] t*t>*>, *»wcj:*a*iatrt;a*i!'v 
^i coatt® i » 2 waits t * aistJi * » 



(3) 



ftfflW- 1 1 -2 1 3 3 5 4 



3 

lZ.}:^Tatt^ii£prfg$:*£ ?0«fiSil*^L> ^ 2 

[0007] « i ooiiMFoaKbM^mafitAcemK 

#o*K0KWL-cm3rE*Lrv»4£t*», av*a&& 

&« t'« 2 ©ai£>f k am&mi&&x~mm Ltz$>m 
R*«ji*a$uga;»*H^7 kc*v»t, *ieat£ 

ftAKtSMPFfTTfetK £2 ©at£Jf ©a-fb^S^flli 
3£ LTJ3 *) , US l ©attJI liaftE**fle* <b epfln £ *x 

*14a^**1-*- *4*«i1-4o 20 
[0 0 0 8] Sfc, *ftWC J: 4««B»fft*ttli, 

itr jfi l 7t 2 n © aea * #ai4Ji t»^«SLfc#s 
ii*fix.^a««in;^b*M--> Ktrjav*, a*ctz**# 

m<omttkm2<Dm&M<Dmitk<Dit-riiimi>*--mmz 

R¥4?Kfca£ t K i 4#»RoaA«*/tS£'fk**ttli- 

[0009] ioa^;ie«s^*feiwj:-5i:, &mm<o 

m^iKH t Wi^.<omi:Bx.tz!iki, £«K££*ac* 

# \z f B#i $ *i fc f EUta'fbo WM ifcm-tzz.kWX'h 
4„ #3&9J»wJ:*«*IB»W&«1tl±, a^reis^ 

aAtz*&tt*aui-4eaa#eib^fifc, a* 
z&m&kmttik&k iiiS^A.; Kt, aac^? 
k * aa-*- * aac^ Kca^a t > a*t^ ? k oss 
&tkm-%mm^&ki&tTi&%.$&mn!kmm.Kt3^x, 

#attg£&A,T»e Lfc*»R*a;L4aiU6a;»» 

SS^? Kt*it, fcaW£«*&a¥«l±a*tfttfc«i» 
gg-^y K*fc©«tt«*;a t irr£©a*«x.rt:i:§a«E *° 

immztm e l r v> « t -t 4*y 

[ooio] &i ©att«> &a&*. ^2<Dai±«<D 

^ 2 o«tti ©«a» #m tt 4 isft£fttt#!»> & 

K©£«R»cEPiDSii4a#KJ: 2S<oattS 
©afbfc-j-AK*', ¥*T, K¥=?t\ spfftSE-fbl-io - 

oup, £<aafb*-rajK©¥fi\ rsrt, w^v^a 



4 

affiKtf-^a^c&o £o«ffoe-^ii, a&Ea 
h en*n s ft 4 a*o«tt*nK -ft Ltiktstfc 

ft, affile-* *affi-r*£fcK J: t?a*lffia«>B& 

looii] £.o»tt*5fuffl-r&£t»:j:»), «a*o 

*>, «a*©^v^©att«o«a**it©e5®<i--5 
£t^^^ 0 jt«fl&fiv»«a*oatt«*f(iffl-c** 
?tft, attao«taft4#tt*a*^ £t&<» is&jga 

[0 0 12] 

aoj^asrRW-r*. ian±, Mfc4tsa:ti**-r4 2 

#111 o©fitit**1-||irffi*£:S:lgl-c&4o Hic*v» 

r, 1 1 in* si (100) aaa* a^ 1 2 

liH $ 5 nm<0C oS, ^ai4S 1 3 ICliJlS 2 . 5n 
m<DC nm, att» 1 4 KtiJPS 5 nm<0N i - 2 0 a 
t %F e<k±m*m^tz 0 ai4@ l 2 0«a*li8 0 0 
A/m, a^S 1 4 0«a*ti8 OA/m, S^1*a# 
(±4 0 0 A/m-C&£ 0 iO#f|gl 0 Sr^^-Xb 

l, ^aHowacaasrjgaLTa^aasbaa^f-* 
[ooi3] £ <o#@i i o «r«it ^a^atA^baa?- 
a#^?>#«Ri o»cenun«*t«a*aBE liars' k 

fcaftB***fcoaB*M*-*-*&&CJ: o l o o o 

icepin^H-sawsei-it, a^i 4coa-fbo* 
ftfe-f, ffittii 2©a-fb<oin]£ <>^-fb (s<e) t*. 

[0 0 14] ai4Jf 1 2 tCJt«6?)^a*Ofiv^#3p4-S-ffl 

v»Tv>4fc», itei 2^c,<7>?itLa#©^#5!i j ^^ 
< , atia 1 4 o«fi*s^ttWfi<4 4. ^ 

j$L/c Hoshinok <7)^c? (Japanese Journal of Applie 
d Physics, 83 41, »3^-, 1526-1533 

M) iz&zxruz, aitai 2K«a3tjoav»#fl-*ffl 
v»*i:v ae« 1 4o«a*ii^< tij, £cds©#® 

[0 0 1 5] 112 itm 1 U^Lfc#^Rl 0^<O2^C0 

ai£« 12,14 oa<k««*ifii*»w+*H-c* "9 > 

1112 (a) (iattJll 2 0^11*8, H2 (b) US 
14B 1 2 co±^tc^$nTv^ai4e 1 4 O^FB^^; 

gi-c*^o £o#*R*«*«a««tft»*«?-*a*i 

2 (a) , (b) CB$Ulttil2, 14©Tffltc 

ttttifcoits. t/c a^eaa^oiBaa'fb^ 
It©«ttii2, i 4 icensp^^^o 

[0 0 1 6] «ttt<3*v>*Olttll 2 0MS»* 



5 

a&« 1 2coiS'fbti 1 s:e-r-&o ae* 1 4© 
a-fbs&^m b it, ajREiwK#<oiE«»'fk*» h ©»a 
affo^iejtwSjtJar^m-c**. feo-c, a^si 4© 

tiass 1 2 o«a^3 «t 13 * s v» e 10 

[0 0 17] 8 3^94 *m^X, *fkmK.X 

*«*ttE»B£0#tt*K9M-*« 13 3 (a) (4SEa 

ftffiftix^ 5 0 iznmztifzummtt 5 i-554is 

WKSH-Hk 123 (b) li*att*CEfNfctt5 OlcfcfL 
TH 1 i:iL/c#iKl 0 «r«it«MtHAA*X7'« 

Jf 1 2 tat£Ji 1 4 0*4U*8«>|Eft*ftH-*-«BU n 
3 (c) KOfflA*»Mi-*Htr*&o B4 

# t <7>r*5# mx-$> z> 0 

[0018] v»s, #111 0 *tt&&a*i&ft»i*% 

lbs 1 ^«b<o_hi6]#«5»aa#**EnJra$^rv^ t 

113 (b) 02E»KBI*"*-*J:dtc#«ill OfWtt 
112, 1 4 t4, v^i**T-fcEi5a-fb5 1 

o^iajtra-fb^nrv^o d<oi:§i4, attsi2, 1 

* £ v»„ - 7 K* j a»iieii^# 5 o ± * mm&it 5 30 
1 «9±^^t>E^a-fb5 2<o±.?5\z®m-r2>t att 
112, 1 4<aa-fb:£f6jKge'fbJ4&v>o &o-c, 13 

(c) ir^-r4:9^, Wi-^? t4^-fb6*ft 

[0019] mik^-v K* f ±ifii§<ofaiia-fb5 2 
<o±^^> feTw # ^a-fbica-fbse l Ttfssta'fb 530 

±15 iz&Wi-tZWi&i 113 (b) «0 
TSCSt 4 7 **tt«ffO*S4atti 1 4 ©ffi 
jb«5** s K^a^b 5 3*fe«3«a«*0^#*S«tTT 
|6]#U&!i£U *l8tt» 1 2Wa-fbl4±l6] 40 

ioifci^m tirfct.Btin, i4oa-fb 

OlSlSi'RTfTtwiorv^ttlKSrSaL-C^ 113 
(b) <0±«fc55Lfci3li2o<3«tt» 1 2, 14© 

a-fb^-r^ie^a-fts 3 oaijsiia*oj»**sttr 

TIrI § CSC L 4 o 

[0 0 2 0] at£/I 12, 14 OHt#R¥ffft«8f 

n&mmi o<oa^a«#Li4*§&fli£7f;u n^5» k 

Ofcti;frl41l4 ICbT'^-t .fc 0 \z¥£±-f2> 0 Z<DXd Cl 

sin, 1 4o«*bJ , R 3 Pfi#»K4*©ii, e»« 
tt*»<batt* 12, 14 tcenso £ ifti^i s 5Et 50 



^la 3 ? 1 1-21 3354 

6 

^i^c-^^ncsci^a^-c*!?, #111 o+©ai* 
in, 14 izmmm.it 5 3 ^©^aa^^icep 

iJD£ft<2>4dftl*SH::ft-5>i:, 2i<081iil 2, 14 
<0a-fbt4WxKft-oT#/f ill 0<7>a$Ug#tl4|U4 i:c 
T'^i-4 •? UffZ//.h$fttt£t£4 n C44. lot, 
KOffiiilcli, 03 (c) C^tJ^fc, IEIS 

[0 0 2 1] ffifc^y K^TlRjUca-fbL^E 

isa-fb 5 4 <7)±^^ t>±isj § ca<b L/^iBiia-fb 550 

.h2fK*»-*-*i: # 4, 113 (b) tf)TSi:ft±^ 
*b5 5*&©aia«*©i3**S»tT±mSK:R(EU 

«a:*j©;*;§ftat£jf 1 2 <Da^bi4Ti^#co* tT*** 
«», -rft=b*,ai£jf 1 2, 1 Aommn^tfKWn 

e4i>Ti«»4ttfi*eft LT\ 113 (b) OlSi:iL 

fci9i:2o©i8ttii 2, 1 4<oa-fb* t v»-r^iie» 
[0022] i <d t § *> , m&m 12, 14 oa^b**s 

WSrttS-CJi^JijRi 0 wa^*gi/i;J4*§fcli*^ 
L, S^-^^ K<^tb^l4S14 lCd-CJF-r4 -7 cii^r-f 
4o LT, 1 0 4"<7?ai41 12,14 (CfBflta 

1b 5 5^t > w±r6]#oiiaa#39 j 3t^-ceiJiD$ix-&4-5 

*«SC44t, 2®oatt^l2, 1 4 0a'fbl4v>-f 
*l t Jiffij # ft ») , M#oa<bl4¥=}f C KZtzfr&mWk 
1 0 <oa^*£#i;i4E] 4 (Ca-C^i-4 d 
t^i^Cft^o tct, K<oaj^3tcl4, 113 

( c ) i:*t4 7i:, E«a'fk* t K<Bi-4«fl-CWJ6L 

[0 0 2 3] iOi?CLt, S^.^^ K<om*CJ4, 

a^iBis^ft: 5 0 <Dtzmmt<o8.mztt& Ltz 

*&tiiL, -?-tt4-ffi#Sji#:^ibe|]SD?tL4a#<DffittgE 

^fb, -r ft t> *> a^t a#$o s eisa-f bo tc*tt&# »t * 
mz'niztx-, m%.tmmmztmzixx^hm®<* 

[0 0 2 4] H5I4, r^i^ftfl-t&Sfclfdlslii&W 

-flo«*rn7^BT*4. K2 1 oaj^m 

4r55^i-4kf-^«mi» 2 2 {Z\Jj2ix2, 0 tf-^^ffi 
S2 2*f.OB»i^ * d ^ ft Jgffllftftffl 

*R»Wttiae 2 3 icA^^^^o |B)«S^ai^2 3T-J4, 
*>t>^-t39*^$*tftV>t § (3(4, &*lE«Rtt#CC 



(5) 



ftfflW- 1 1 -2 1 3 3 5 4 



fttk-rz* ::t, e-**fcffif§2 2, Rl»H£m3§ 2 3 

2 4»i. m^tmumztm 

H%2 6 Srflf^i-*o 
[0 0 2 5] ^WCiiflBEAatt^Sf^irfflv^ a 

fclWlB'C**. #1K3 1 Sr->-;WKS3 2, 3 3 T 

T»«*3 5. ±S&aii3 6 Ottfl^*Efll^7 Kk LT- 
«6<o Sffi3 8^Ji, Cr/Cu/Crtv^# 

[0 0 2 6] BIT*^ -«D^-> K<Dft$i^fe*^-ro A 
1 203- T i C*±J«».fc-t**«#*^9'f ^fflO* 
t3 7iLit:o V-JVK13 2, 3 3. E$ia* 3 5 , 

3 6 KteA'*? 9 'J ViTft-CjBrtLfcN i - Fe^* 
Jliv»fc„ &at£«<Ol8SJ5»:JU JilTOJ: o KLfco ±TO 
•>-*KI3 2, 3 3 li 1 . 0 fi m, TSI$affi3 5 , ± 
§BSSffi36l±3. 0 m. #J1Fb1(7)+*^ y^ti: LTt± 

* 'J >yvMl&L1zA 1 2O3SrfflW.ro 3F> v -f 

voiuvii. 5/->wK«ka*caa*«*«^-iwt?o. 2 

4 A 1 203-C^SS;L7to 3^f*3 4i:ii)gf 3^m©C 

[0 0 2 7] IXSSMt^-v K*JBv»T\ H7K*«&**r; 
i-«*SMtlWat1t*fMBtfc. 0 7 (a) 
ffi*5£EU 0 7 (b) f±*BE»fM£5$;l2Vifc&o £<oa*; 

eiff£«ta, aiAemK*4 1 k, iKS-Eneett 

1-^IE»gfS4 2 k, K4 3* J: t>* WlEKl^S 

44k. ±E«*t^y Krofs»s^(g-§-iaa#S4 5 S- 

[0 0 2 8] &*lBBftiK{M 1 li£fHB*lEfMKtt k 
U 0. 75TOCo-Cr-Pt*^ 

*»feft&*J-fl-tfflv»fc„ a^C^y K4 3©h9y**Sti 
1 . 5//mt Lfco EM&ffMaX 4 5 "CIl, a*C 

[HI] 



8 

K % o fcH* h 0«*0*tt#S£-fk L 

[0 0 2 9] ±ifc©:MM!©#**aUBLfc£J:fcJ: 
»R*a*tE*?l±*1UB©»*^5' KCfflv^it^ 

10 [0 0 3 0] 

J§w«a2j*Jttt«MB: 8ttJiott8JMf1£ 
*a«r ? i k & < > mxttftttttgNHi^ ? k*»* 

SitCiO jiSl4li&a$CEfiW£3&fi*#«& - k #T £ 

& o 

[Ell] *»93CJ:**«ilO»at»+WlBaWBB. 
20 [B2] *«R'*>0 2Ji©attJ10«'flflM&#m«:Kfi 

[B3] *3&BKJ:*«*tE«*S*fc«>#tt*KE1-* 
Do 

[Ei 4] **w»=j:*a*cJSfii3»*«^oa«in»»k 

[0 5] M-f-^ailKO— fllOt/O -9 

[H6] Kcofliass-^-t-^Mts. 

[17] B«UBJH?£MeatA:BI. 
30 i 0-"#iR, 11-**, 12, 14-lttl, 13 

-^atse, 2 1— k, 2 2— tf-*«m», 

2 3-n«*BII, 2 4--36att»«»t8, 2 5 

-fli-s-ii^iaft, 2 6 —«ijeia», 3 3 

2, 3 3 •••->-;!' K/I> 3 4-o>f)K 3 5— T»« 
ffi, 3 6— ±JM8&. 3 7-**, 3 8-tt, 4 1- 

a&E#*«#, 4 2 -aAE««MME»». 4 3-as* 
>v 4 4— ws^? Kenn. 4 5 -E#a?i*.ffi-f- 

[04] 



10- 



14 



11 



12 




-800 



-4O0 0 400 

EPAQfia^ (A/m) 



600 



(6) 



ftmW- 1 1 -2 1 3 3 5 4 



(a) 



[El 2] 



—12 



T 



B — 1* 



mmm 



[gJ3] 

(a) 51 52 5^ W 5,5 



4- 



L 5 f , I 1' 



t t 111 f 



^50 



(b) 12 1/ 12 *\L 12 1A 12 1/ 12 U 
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lc) 



B D 



[U5] [E6] 




(7) 



ttfflW- 1 1 - 2 1 3 3 5 4 



[17] 

(a) 




[tiffiB] 1 l#lfi2 1 B 
[#«*BjE 1 ] 
HtiE*ttMF9I«] BJ«B# 

i) mi om&m t%2 <omn^ t am&m 

Mia* i <oa#j8 ftysg 2 oaag aa^Egfaa-fca* <■> 
epijp * *i * «* »w i -a t «-fb*»R<Eim 4 * § s o«a 

*» h ma $ *t *a*o*finc « (jsptr -c* •) , ute^ 2 

a#0^[S] \zn L T (2 tJE£ t T V>£ £ t & >$Wi t -t z> 

a*us«;»*a!^ ? k. 

3 j m 1 <oatt« t m 2 coai±s t *r*att» 

*tt^«*Lfc£*K**ic*a*«$fc»*S!^? k 



«rie^ 1 <oatts<oa-ft^*i6]Jia^s^«!iE#^c,fP 
ups*t*a*o*ifi!iK«n i Fff-c*»), «ris^2oai* 
g <oa<b^*ifi)i±a^sB^a^* h ma zttz>mw<o 

% 2 g?att« » aa«E«a-fr» h aims hzi&riz x o 

im*m 4 j it&g 1 , 2 x«4 3 e*oB«fiiR«ti*s 
■^y K*fflv», a^SB^j«flj*^«rfB#SKi^ini$n 
aaj^Ktei-a t witness 1 oatt^^a-ftt m 2 <o 
atse coa-ft t <d mm^-ms \zkw*h\z %z,zt 
cj:*ittR#*R©a*«aasffc**to+*££*4*« 
ti-*a«E»w^*tt. 

[«*a5] W*3fi4lE*oa»ffi»?f^*ffiKUv» 
T, ltrlB#«Roa«jatn:* t Br3eo«[*rjBx.fcii:»:J: 

o -c . a*cei»iK # u i s« $ n tz m mit <o Km * m m 
[»*Ji6] a^fE^Kfft, «rsa*(Git£tt*etb 
«x.4S^a, stfiBa^^ K*ett-*-*a*^ 

St £-&tra^!EfiW£3£Slci3V>T, 



(8) ftfflW- 1 1 -2 1 3 3 5 4 



mfcomimztztz mmmz$m# k. eh $ ft. «r 



